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^5 (57) Abstract: The invention relates to an apparatus for controlling the composition of gases within a cargo container. The apparatus 
includes at least one sensor, at least one controller and at least one gas permeable membrane being adapted to facilitate the passage 
there through of different molecules at different rates. Said membrane defining a first region and a second region, the first region 
being for holding cargo and the second region defining a gas buffer region, said at least one inlet and/or outlet being in communication 

^ with said buffer region. The invention further relates to a container. 
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An apparatus for controlling the composition of gases within a con- 
tainer 

TECHNICAL FIELD 

5 

The invention relates to an apparatus for controlling the composition of 
gases. Preferably the present invention may be adapted to provide an appa- 
ratus for a container where such an apparatus is preferably adapted to con- 
trol the composition of gases within a container. Reference throughout this 
10 specification will be made to the present invention being used to control the 
composition of gases within containers, but those skilled in the art should 
appreciate that other applications are also envisioned for the present inven- 
tion. 

15 BACKGROUND ART 

The use of shipping or transportation containers is well known for the trans- 
port of products and commodities over long distances. To extend or other- 
wise preserve the shelf life of such transportable products the shipping con- 
20 tainers are normally equipped with some form of temperature regulation sys- 
tem, such as a refrigeration system. 

Instances in which the products to be transported are perishable goods, such 
as fruit and/or vegetables, transport containers may also incorporate a sys- 

25 tern adapted to modify the composition of the refrigerated air surrounding the 
stored contents. As fresh fruit and vegetables represent active biological sys- 
tems the atmosphere of a container will constantly change as gases and 
moisture are produced by the metabolic processes (such as respiration) oc- 
curring within the biological systems present. Furthermore, the shelf life of a 

30 lot of shipped produce is highly dependent on the composition of gases 
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within a container where the optimal gaseous composition of a storage con- 
tainer is highly dependent on the specific produce being stored. 

By incorporating an atmospheric modification or control system into a trans- 
5 port container the respiration rates of the stored produce and the gases pre- 
sent within a container may be regulated, thereby providing an effective 
means for prolonging the shelf life of the container contents in addition to the 
refrigeration of the air. In particular, the respiration rates of stored produce 
may be retarded by controlling the mix and/or volumes of oxygen, carbon di- 
10 oxide and nitrogen within the container. 

Furthermore, a container may provide an environment suitable for the growth 
of spoilage microorganisms and the proliferation of insects and other pests. 
To counter such activity systems normally rely on the use of chemicals to 

15 eliminate pathogen and insect damage to stored produce. The use of at- 
mosphere control systems adapted to control respiration may also inhibit 
pathogen production and kill insects, and therefore contribute to a reduction 
in the number and quantity of chemicals, being applied to reduce or eliminate 
such damage to stored produce. For example, trials have demonstrated that 

20 the greatest impact on insect proliferation within a container may be 
achieved by maintaining reduced levels of oxygen for extended periods of 
time, which leads to oxygen deprivation in insect body tissue. 

A common approach used in shipping containers to increase the shelf life of 
25 produce stored is to create an "ideal" or optimum storage atmosphere (that is 
different from that of ambient air) at the beginning of the storage period and 
maintaining that atmosphere. In some cases containers are initially flushed 
to remove or add gases resulting in an internal gas composition around the 
stored produce that is different from that of ambient air.. Once the oxygen 
30 content of the gases within a container drops further as a result of respira- 
tion, inlets may be opened to allow fresh air into the container, thereby deliv- 
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ering oxygen into the container. Such systems often rely on the use of mem- 
branes or films which are adapted to prevent the movement of gases into or 
out of the container, and such systems are commonly referred to as Modified 
Atmosphere (MA) systems. 

5 

However, by ventilating the container with fresh air and letting out the con- 
tainer air, the composition of the gas in the container will over time eventually 
result in a gas composition in which the carbon dioxide and oxygen content 
(as a sum proportion of container gases) approaches approximately 21%. 
10 Such a proportion of carbon dioxide and oxygen is not necessarily an optimal 
environment for the storage of certain products, if the container is not initially 
flushed, the sum of oxygen and carbon dioxide will always remain approxi- 
mately 21%. 

1 5 Although such systems may be relatively inexpensive to integrate into a con- 
tainer they are not well suited to adequately controlling and maintaining op- 
timum levels of carbon dioxide within a container, where such optimum levels 
often differ from those levels of carbon dioxide present in ambient air. 

20 Moreover, the sum proportion of carbon dioxide and oxygen in a container 
will always remain approximately 21% unless the composition of either the 
outgoing and/or ingoing air is actively and effectively manipulated to thereby 
change this sum proportion (of 21 %) as necessary. Other methods, for ex- 
ample the use of carbon dioxide absorbent lime, can be used to actively and 

25 selectively remove gases from the cargo space of a container. However, 
such methods have disadvantages including the disposal of used lime and 
ineffective control. 

An alternative approach is to provide a container having concentrations of 
30 oxygen and/or carbon dioxide that are different from that of ambient air and 
regularly measuring and actively maintaining those concentrations during a 
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storage period. In particular, such systems will typically maintain low levels of 
oxygen and higher levels of carbon dioxide (compared to ambient air) so that 
the levels of respiration occurring within stored produce may be controlled. 
To effectively gauge the concentrations and/or volumes of oxygen and other 
5 gases within a container such a system may often utilize sensor technology 
which is located within a container and is adapted to actively assess the 
gaseous composition inside a container. These systems are commonly re- 
ferred to as Controlled Atmosphere (CA) systems. 

10 Such Controlled Atmosphere (CA) systems arc adapted to ensure that the 
appropriate remedial action is taken to ensure that the gaseous composition 
of a container is maintained, or returned to an optimal level when deviation 
occurs. To ensure optimal levels of gases are maintained (usually this in- 
volves reduced oxygen levels and increased carbon dioxide levels) many 

15 Controlled Atmosphere (CA) systems are provided with a filter adapted to 
compress and separate the components of incoming air. In this way, as air is 
directed into a container excess oxygen may be prevented from entering the 
container, which is desirable as it will ensure the retardation of respiratory 
activity within the container. 

20 

Use of Controlled Atmosphere (CA) systems will enable a container to main- 
tain the optimal gas composition specifically suited to the produce and/or 
goods contained within where such a gas composition may be actively con- 
trolled throughout the period of storage. 

25 

Whilst such a system may effectively control and maintain optimal conditions 
that will contribute to longevity of stored produce such systems are extremely 
expensive to manufacture and maintain. Moreover, these systems tend to be 
very complicated and typically demand the services of a skilled and special- 
30 ized work force to ensure they are adequately maintained. 
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The provision of an improved control system which can actively monitor the 
composition of gases in a container and provide an optimal environment for 
the storage of container contents would be of advantage. 

5 The provision of a system able to effectively control the flow of gases into 
and/or out of a container to thereby promote a gaseous atmosphere in a con- 
tainer which will prolong the shelf life of stored produce would be of advan- 
tage. The provision of such a system which is both relatively inexpensive to 
produce and maintain would be advantage. 

10 

All references, including any patents or patent applications cited in this speci- 
fication are hereby incorporated by reference. No admission is made that 
any reference constitutes prior art. The discussion of the references states 
what their authors assert, and the applicants reserve the right to challenge 
15 the accuracy and pertinency of the cited documents. It will be clearly under- 
stood that, although a number of prior art publications are referred to herein, 
this reference does not constitute an admission that any of these documents 
form part of the common general knowledge in the art, in New Zealand or in 
any other country. 

20 

It is acknowledged that the term 'comprise' may, under varying jurisdictions, 
be attributed with either an exclusive or an inclusive meaning. For the pur- 
pose of this specification, and unless otherwise noted, the term 'comprise' 
shall have an inclusive meaning - i.e. that it will be taken to mean an inclu- 
25 sion of not only the listed components it directly references, but also other 
non-specified components or elements. This rationale will also be used when 
the term 'comprised' or 'comprising' is used in relation to one or more steps 
in a method or process. 

30 It is an object of the present invention to address at least some of the forego- 
ing problems or at least to provide the public with a useful choice. 
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Further aspects and advantages of the present invention will become appar- 
ent from the ensuing description which is given by way of example only. 

5 DISCLOSURE OF INVENTION 

According to one aspect of the present invention there is to provide an appa- 
ratus for controlling the composition of gases within a container, 

10 

said container including a plurality of walls, and at least one inlet and/or out- 
let, 

the apparatus including at least one sensor, at least one controller and at 
15 least one gas permeable membrane being adapted to facilitate the passage 
there through of different molecules at different rates, 

said membrane defining a first region and a second region, the first region 
being for holding cargo and the second region defining a gas buffer region, 
20 said at least one inlet and/or outlet being in communication with said buffer 
region. 

A membrane may be defined as a thin barrier and such a permeable mem- 
brane is adapted to facilitate the transportation of different molecular species 
25 through the barrier (membrane) at different rates. Furthermore, the permea- 
tion of materials through the membrane may be driven by the relative mate- 
rial concentrations, partial pressure and/or polarity differentials of the mole- 
cules which are applied to sides of the membrane. Preferable at least one 
container wall is adapted to locate said membrane. 

30 

According to further aspect of the present invention there is provided an ap- 
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paratus for controlling the composition of gases within a container substan- 
tially as described above wherein at least one of said at least one inlet and 
one outlet includes a valve. 

5 According to a further aspect of the present invention there is provided an 
apparatus substantially as described above which includes at least two inlets 
and/or two outlets. 

. According to a further aspect of the present invention there is provided an 
10 apparatus substantially as described above wherein the gas permeable 
membrane is selectively permeable. 

According to another aspect of the present invention there is provided an 
apparatus substantially as described above wherein a valve is adapted to 
1 5 open when activated by the controller to provide a passage through which 
gases flow into and/or out of the container. 

According to a further aspect of the present invention there is provided an 
apparatus substantially as described above wherein the controller is adapted 
20 to open a valve when the volume or concentration of gas within the container 
reaches or falls to a specified level. 

According to a further aspect of the present invention there is provided an 
apparatus substantially as described above wherein the container is a build- 
25 ing. 

According to a further aspect of the present invention there is provided an 
apparatus substantially as described above wherein the building is a cool 
store. 

30 

The present invention is adapted to provide an apparatus. This apparatus 



WO 2004/107868 



PCT/DK2004/000404 



8 

may control and/or regulate the gas composition within a region or enclosure. 

In a further preferred embodiment the present invention may be adapted to 
provide an apparatus for a transportation or shipping container. These types 
5 of containers allow large volumes of products or other materials to be stored 
securely and transported long distances easily. To increase the shelf life of 
the stored products in some instances it is also preferable to regulate and 
control the temperature and/or the volumes and/or concentrations of gases 
within the container (for reasons discussed above). . . . . .. 

10 

However, in alternative embodiments present invention need not adapted to 
provide a apparatus for an enclosure such as a shipping or transportation 
container. For example, in alternative embodiments the apparatus may be 
adapted for use within any number or varieties of areas adapted for the stor- 
15 age of produce, such as a cool store. Those skilled in the art should appreci- 
ate that applications and/or locations for the present invention are also envi- 
sioned and reference to shipping and/or transportation containers only 
throughout this specification should in no way be seen as limiting. 

20 Preferably a container which the present invention is adapted to be used with 
may include a plurality of walls. 

In a further preferred embodiment the container may be substantially rectan- 
gular in shape and include two side wails, a roof, floor, rear wall (which also 
25 doubles as a door or entrance into the interior of the container) and a front 
wall. 

Reference throughout this specification will also be made to a container em- 
ployed in conjunction with the present invention including two side walls only 
30 adjacent to a set of rear and front walls. However, those skilled in the art 
should also appreciate that the specific arrangement of walls in such a con- 
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tainer may vary in other instances, and reference to the above only through- 
out this specification should in no way be seen as limiting. 

Preferably a container which the present invention is adapted to be used with 
5 may include at least one inlet and one outlet. An inlet may provide a passage 
or channel through which fresh air or other gases may flow into the con- 
tainer. Similarly, the provision of an outlet may provide a means for the 
evacuation of gases from regions within a container - that is, a means for 
. enabling. gases to flow out of the container. 

10 

In a further preferred embodiment a container which the present invention is 
adapted to be used with may include at least two inlets and/or two outlets. 

In a further preferred embodiment the inlet(s) and/or outlet(s) may include a 
15 valve. For the purposes of this specification a valve may be considered to be 
any device which is configured to regulate and/or control the flow of a gases 
or fluids. 

Such a device may be adapted to open to permit the flow of gases into 
20 and/or out of a container. Similarly, such a valve may be adapted to close to 
prevent the flow of gases into/or out of the container. The provision of such a 
valve(s) at or near the container inlet(s) and/or outlet(s) will enable the flow 
of gases into and/or out of the container to be effectively controlled and/or 
regulated. 

25 

The composition of gases within a container may reach levels not suited to 
preserving the shelf life of the stored products. For example, during the res- 
piration of stored products (such as vegetables and/or fruits) within a con- 
tainer the build-up of undesirable volumes and/or concentrations of carbon 
30 dioxide may occur. In such instances a valve located at an outlet may be ac- 
tivated to open, thereby allowing carbon dioxide to be evacuated from the 
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container, and oxygen to be let into the container. Alternatively or in addition 
to the above, a valve located at an inlet may be opened to allow the flow of 
fresh air (or other gases) into the container to thereby drive, for example car- 
bon dioxide out of the container and increase the oxygen volumes and/or 
5 concentrations within same. 

In a further preferred embodiment an inlet may be joined with an outlet to 
provide a bidirectional flow means. In such an embodiment a single bi- 
directional flow means may be adapted to facilitate gas flow out of or into.the 
10 container. Such a flow means may include a single valve which may be ap- 
propriately opened or closed as necessary to facilitate the flow of gases with 
respect to the container. 

Reference throughout this specification will however be made to a container 
1 5 which the present invention is adapted to be used with incorporating one bi- 
directional flow means located at the rear of the container and one bi- 
directional flow means located at the front of the container, and each of said 
bi-directional flow means including one valve. However, those skilled in the 
art should appreciate that other configurations of the present invention are 
20 envisioned and reference to the above only throughout this specification 
should in no way be seen as limiting. 

Preferably the apparatus may include at least one sensor. A sensor, and 
more preferably a gas sensor may be appropriately positioned in a container 

25 so that some of a property of the container and/or its contents can be 
sensed. Moreover, a sensor may be exposed to container gases such that a 
reading or value reflecting the gas composition within the container may be 
obtained. Gas composition may be considered throughout this specification 
to be a generic term reflecting the volumes, concentrations and/or ratios of 

30 gases within a container. 
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For example, a sensor may be adapted to sense the volumes and/or concen- 
trations of container gases such as oxygen, carbon dioxide, water vapor, 
ethylene and/or nitrogen. Furthermore, a sensor may be adapted to output 
the readings obtained. Such outputted values may be digital or analogue 
5 values, voltages or amplitude values. 

In a further preferred embodiment the sensor(s) may be integrated within a 
container refrigeration unit. This will place the sensors in a secure position 

out of the way. of .any cargo to be stored in the container. By appropriately 

10 positioning the sensors in such a way within the container the gas composi- 
tion of the container may be effectively sensed. 

In a further preferred embodiment the apparatus may include at least two 
sensors. For example, one sensor may be located within the refrigeration 
15 unit of a container and be adapted to sense the gas composition of the front 
section or compartment of a container, whilst a second sensor may be lo- 
cated substantially near the doors, or rear of a container and be adapted to 
sense the gas composition of the rear section of the container. 

20 Reference throughout this specification will now be made to the use of two 
gas sensors being located within a container and being independently 
adapted to sense the composition of container gases at the front and rear of 
a container - and more specifically, the oxygen and carbon dioxide compo- 
nent of container gases. However, in alternative embodiments any number or 

25 variety of sensors may be used to obtain measures (such as volumes and/or 
concentrations) of the gas composition at locations within a container. For 
example, such measures may be obtained through the use of optical sen- 
sors, conductivity probes, biosensors or high performance liquid chromatog- 
raphy technologies appropriately set up and positioned to sense the gas 

30 composition within a container. Those skilled in the art should appreciate that 
other methods of assessing the gas composition within a container are also 
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envisioned and reference to the use of two gas sensors being located within 
a container and being adapted to obtain a reading of the volumes, concen- 
trations and/or ratios of container gases only throughout this specification 
should in no way be seen as limiting. 

5 

Preferably an apparatus formed in accordance with the present invention in- 
cludes a controller. A controller may be preferably adapted to open or close 
a valve when the concentration of a specified gas within the container 
reaches or falls to a specified level. 

10 

The controller of the present invention may be formed from or incorporate a 
computer system or software. Those skilled in the art should appreciate that 
a computer system may be formed from a programmable logic unit or other 
processing device on which computer software may be run. Computer soft- 
15 ware may be considered throughout the present invention to be a set of in- 
structions able to be interpreted by a computer system and capable of per- 
forming a task. 

In a further preferred embodiment a valve may be adapted to open when ac- 
20 tivated by the controller to provide a passage through which gases may flow 
into and/or out of the container. 

The combined proportions of carbon dioxide and oxygen in ambient air is 
about twenty-one percent (21%). However, such a ratio or composition of 
25 carbon dioxide and oxygen often does not suit or provide an optimal envi- 
ronment for enhancing the shelf life of a lot of stored products. 

In addition, during normal aerobic respiration quantities of oxygen will be 
used up and replaced by carbon dioxide (and increased levels of water va- 
30 por). In a closed environment, such as a sealed container, the shelf life of 
perishable goods have been shown to be negatively effected, that is fruit and 
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vegetables stored in oxygen deficient environments for prolonged periods of 
time will deteriorate and/or rot. Such a phenomenon is considered to be the 
result of the onset of anaerobic respiration, the by-products of which are 
more carbon dioxide and also alcohols and acetaldehydes. These by- 
5 products may quickly accumulate to toxic levels causing browning and death 
of fruit and vegetable tissue. Accordingly, to prolong the shelf life of stored 
goods it is considered necessary to ensure the availability of optimal concen- 
trations and/or volumes of oxygen within the container. 

10 Therefore, as the levels of oxygen fall within the container the controller may 
be adapted to send an instruction to activate a valve (associated with bi- 
directional flow means, and inlet, or an outlet) to enable fresh air to flow into 
the container via an inlet. Conversely, as the fresh air is flowing into the con- 
tainer volumes of carbon dioxide may be evacuated from the container via 

1 5 an outlet located within same. 

Accordingly, to enhance the longevity of stored produce it becomes neces- 
sary to manipulate the composition of container gases such that ratio or sum 
proportions of carbon dioxide and oxygen differ from that of ambient air (that 
20 being approximately 21 %). 

Preferably the apparatus may include at least one membrane. A membrane 
may be preferably located by at least one wall of a container and may be 
adapted to affix to the interior of a container so as to divide said container 
25 into at least two sections. For example, a membrane affixed to the side walls, 
the roof and the floor of a container may effectively divide the container into 
two compartments, a first compartment being located substantially near the 
front of the container, and a second compartment being located substantially 
near the rear or door end of the container. 



30 
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In a further preferred embodiment a polymeric film adapted for use with the 
apparatus may be selectively more permeable to carbon dioxide gas than to 
oxygen gas. Such selectively permeable membranes are well known in the 
field and may, for example, be formed as a polyethylene, silicone rubber, 
5 CA, PP, PELD, PEHD, EVA, poly 4-methyl-pentene 1, polyethylenterephtha- 
lat and/or polybutadiene membrane. 

By appropriately locating and positioning the polymeric film with respect to 
the container wails, a region of the container may be effectively blocked off . 

10 to create a separate gas buffering region or compartment which is preferably 
located substantially near the back or door end of the container. Specifically, 
the film may be positioned to affix to the base and roof of the container, as 
well as the two sidewalls of the container. Accordingly, once positioned the 
film will effectively divide the container into two regions, the first region being 

15 adapted as a storage compartment and being located near the front of the 
container, and the second being adapted as a gas buffer region being lo- 
cated at the rear of near the door end of the container. 

In a further preferred embodiment the polymeric film may be located sub- 
20 stantially near the rear of the container. In such an embodiment the gas 
buffer region may therefore be located near the rear of the container. Fur- 
thermore, such a polymeric film may be located to provide a void or buffering 
region around at least one bi-directional flow means which is adapted to con- 
trol the flow of air into the buffer region (from outside the container) and the 
25 flow of gases out of the buffer region both into the storage compartment and 
completely out of the container. 

However, in alternative embodiments the gas permeable polymeric film may 
be located or positioned in any number of orientations with respect to the 
30 container and need not be located substantially near the rear of the container 
so as to divide the container into two compartments. For example, the gas 
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permeable polymeric film may be shaped as a bag or box. By shaping the 
gas permeable polymeric film as a bag or box, the buffer region can be made 
as an independent or replaceable unit, which can be located on either the 
exterior or the interior of a container it can even be located on the exterior 
5 side as well as the interior side of a container. In alternative embodiments a 
container may include two, three or more membranes which may be posi- 
tioned to divide the container into three, four or more regions. In addition, a 
membrane adapted for use with the present invention may be formed from 

any number, or varieties of materials which exhibit gas or fluid permeable 

10 and/or selectively permeable characteristics. Those skilled in the art should 
appreciate that other locations for a permeable membrane and quantities 
and characteristics of a membrane are also envisioned and reference to the 
above only throughout this specification should in no way be seen as limiting. 

15 Preferably the gas permeable film may be adapted to facilitate the flow of 
carbon dioxide from the cargo compartment (or front region) of the container 
to the gas buffer region (or rear region) of the container. As discussed 
above, normal aerobic respiration requires the availability of oxygen and pro- 
duces carbon dioxide as a waste product. The effective disposal of this 

20 waste product is essential as above specific threshold levels, high carbon di- 
oxide concentrations in a container combined with low levels of oxygen may 
result metabolic imbalances in perishables that result in internal damage of 
the goods. 

25 However, at optimal levels the concentration carbon dioxide may serve as an 
inhibitor to respiratory activity of perishables. Furthermore, an optimal com- 
position of carbon dioxide within a container, in combination with an optimal 
oxygen composition, may cause the perishables stored to exist in a near 
dormant state the consequence of which shows natural ripening and allows 

30 crops to be harvested closer to ripeness or to be exposed to extended trans- 
portation periods. 
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The composition of carbon dioxide typically increases within the cargo region 
of the container (due to normal respiration of produce stored). Such carbon 
dioxide may therefore be adapted to flow through the permeable membrane 
5 from the cargo storage compartment into the gas buffer region, thereby re- 
ducing the volume of carbon dioxide within the cargo region. 

The flow of carbon dioxide from the cargo region to the gas buffer region will 

continue as, long as the concentration of carbon dioxide within. the cargo re-. 

10 gion remains higher than that of the gas buffer region. Once the concentra- 
tion of carbon dioxide within the cargo region equals that within the gas 
buffer region an equilibrium will be reached - that is, the flow of carbon diox- 
ide through the permeable membrane will cease. 

15 In a further preferred embodiment the gas permeable film may be adapted to 
facilitate the flow of oxygen from the gas buffer region (or rear region) of the 
container to the storage compartment (or front region) of the container. In 
particular, the selectively permeable polymeric membrane may allow oxygen 
to flow through it, provided that the direction of such flow is opposite to that 

20 of the carbon dioxide. 

In a further preferred embodiment a sensor located within the container may 
be adapted to sense the concentrations and/or volumes of carbon dioxide 
within the cargo storage compartment of a container. 

25 

A sensor may be appropriately positioned to illicit the concentrations of car- 
bon dioxide within the various regions of a container. In particular, a sensor 
may be able to detect or sense when carbon dioxide levels within the cargo 
region are at a level indicative of respiratory activity has taken place within 
30 the container. In such instances the sensor may send a signal (such as a 
digital or analogue signal, or a voltage or amplitude value) to the controller 
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which is adapted to activate a valve controlling a bi-directional flow means 
such that an outlet located in the gas buffer region may open, thereby 
evacuating the carbon dioxide from that region and allowing carbon dioxide 
to continue to flow through the membrane. 

5 

Preferably a bi-directional flow means located near the rear of the container 
may open to allow air to flow into the buffer region. In such instances there 
will be a reduction in the composition of carbon dioxide within buffer region 

, . . . and an increased oxygen, concentration within same 

10 

As volumes of carbon dioxide are produced in the cargo region and passed 
across the membrane into the buffer region (and then expunged out of the 
container via the bidirectional flow means) the pressure within the cargo re- 
gion will be reduced as the volumes of both the oxygen and carbon dioxide 
15 diminish. 

Accordingly, and in a further preferred embodiment the controller may acti- 
vate a valve controlling a bi-directional flow means to open an inlet so that air 
may flow into the cargo region of the container. As the oxygen concentration 
20 within the container diminishes (as a result of normal aerobic respiration) or 
as the pressure operating within the cargo region diminishes an inlet located 
within the cargo compartment of the container may be opened to supply a 
quantity of fresh air into the container. 

25 The operation of such an inlet may be controlled by the controller which re- 
ceives signals from a sensor adapted to sense the oxygen and/or carbon di- 
oxide composition within a container. 

Accordingly, by appropriately opening and closing container inlet(s) and out- 
30 let(s) the composition of gases within the container can be controlled. Such 
operation may be enabled using a controller and may be facilitated by a 
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number of sensors which are adapted to detect the composition of gases 
within a container. 

In addition, the provision of a selectively permeable membrane adapted to 
5 affix to the interior of the container will enable evacuation of carbon dioxide 
from the cargo region of the container into a gas buffer region. The gas 
buffer region can similarly be evacuated by operation of a bi-directional flow 
means operating as an outlet which may open and close to regulate the flow 

of air into the buffer region (from outside the container) 

10 

The invention in other aspect provides containers as recited in claims 25-27. 

The present invention provides numerous advantages over the prior art con- 
trol systems. 

15 

The provision of an effective yet cost efficient system adapted to regulate the 
composition of gases within a container is of advantage. 

The ability of the present invention to be effectively integrated and installed 
20 into existing containers for a fraction of the cost of the prior art controlled at- 
mosphere (CA) systems is of advantage. 

BRIEF DESCRIPTION OF DRAWINGS 

25 Further aspects of the present invention will become apparent from the fol- 
lowing description which is given by way of example only and with reference 
to the accompanying drawings in which: 

Figure 1 shows a side view of an apparatus formed in accordance with a pre- 
30 ferred embodiment, 
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figure 2 shows a container with a buffer region/zone located outside a con- 
tainer and 

figure 3 shows a container with a buffer region/zone located inside a con- 
5 tainer. 



BEST MODES FOR CARRYING OUT THE INVENTION 

10 

Figure 1 shows a side view of an apparatus formed in accordance with a pre- 
ferred embodiment. 

Figure 1 shows a container 1 which has elements of a apparatus installed as 
15 configured in accordance with a preferred embodiment of the present inven- 
tion. The container 1 includes a roof 2, floor 3, two side wails (not shown), 
rear wall 4 (formed as a door) and a front wall 5. 

Also shown is membrane 6 which is formed as a gas permeable plastic film. 
20 The membrane 6 is adapted to affix to the side walls, roof 2 and floor 3 of the 
container 1 to divide the container 1 into a storage region 7 and gas buffer 
region 8. Membrane 8 is configured to have greater permeability to carbon 
dioxide than to other gases that exist within container 1 (for example, oxy- 
gen, nitrogen, ethylene). 

25 

Also shown is bi-directional flow means 9 which includes valve 10 and is 
adapted to open to facilitate gas flows into or out of the container air into the 
cargo region 7 of the container. In addition, bi-directional flow means 1 1 is 
shown which serves as an inlet and outlet and is adapted under the opera- 
30 tion of valve 12 to facilitate the flow of air into and/or out of gas buffer region 
8. 
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In the embodiment shown, as the composition of carbon dioxide within the 
storage area 7 rises (for example, as a result of normal respiration), volumes 
of the carbon dioxide produced are conveyed via the membrane 6 to gas 
5 buffer region 8. Membrane 6 operates as a selectively permeable membrane 
having a greater permeability to carbon dioxide than to other gases prevail- 
ing in the container 1 . 

Cargo storage region 7 also includes a sensor (not shown) which is adapted 
10 to poll the interior of the container to assess the composition of gases within 
the container. As the volume of oxygen decreases (as a result of normal 
aerobic respiration) within storage region 7 the sensor (not shown) will detect 
this occurrence and send an appropriate signal to a controller (not shown) 
which will activate valve 10 to open flow means 9. By opening inlet 9 air will 
1 5 be supplied into the storage area 7, thereby increasing the oxygen content of 
same. 

The composition of carbon dioxide typically increases within the storage re- 
gion 7 of the container 1 due to normal respiration of perishables stored in 
20 the container. Such carbon dioxide will flow through the permeable mem- 
brane 6 into the gas buffer region 8, thereby reducing the volume and/or con- 
centrations of carbon dioxide within the storage region 7. 

Sensors appropriately located in the container are able to detect or sense 
25 when carbon dioxide levels within cargo region 7 and/or the gas buffer region 
8 are at allowable levels. When the levels of carbon dioxide within the cargo 
region 7 and/or gas buffer region 8 get too high a sensor will send a signal to 
the controller to activate valve 12 (associated with bi-directional flow means 
1 1) to open which will facilitate the ingress of fresh air into the gas buffer re- 
30 gion 8 as necessary and the evacuation of carbon dioxide from same. 
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As the concentration of carbon dioxide within the buffer region 8 falls below 
the concentration of carbon dioxide within the storage region 7 the flow of 
carbon dioxide from the storage region 7 through the permeable membrane 
6 into the buffer region 8 will proceed, thereby reducing the composition of 
5 carbon dioxide within the storage region 7. 

Therefore, use of the system in container 1 will effectively manipulate the 
composition of gases within the container 1 such that the sum proportion of 
carbon dioxide and oxygen in the container may be varied from 21%.. In par- 
10 ticular the outgoing and/or ingoing air may be actively manipulated through 
the opening and/or closing of inlets and outlets which effectively control gas 
flows into and/or out of container 1 which facilitates the change in this sum 
proportion (of 21 %) as necessary. 

15 In effect, the above system provides an improved control system which can 
actively monitor the composition of gases in container 1 and provide an envi- 
ronment which can be optimized for the storage of container content. 

Referring to figure 2 and 3, instead of having the membrane 6 adapted to af- 
20 fix to the side walls, roof and floor of the container as described with refer- 
ence to figure 1 , the apparatus being a replaceable unit comprising a buffer 
region 8 which includes a selectively permeable membrane 6 either situated 
inside the container as showed in figure 2 or outside the container as 
showed in figure 3. 

25 

Furthermore, the system is able to effectively control the flow of gases into 
and/or out of a container to thereby promote a gaseous atmosphere in a con- 
tainer which will prolong the shelf life of stored produce - wherein the system 
provided is both relatively inexpensive to produce and maintain. 



30 
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Aspects of the present invention have been described by way of example 
only and it should be appreciated that modifications and additions may be 
made thereto without departing from the scope thereof. 



10 
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Claims 

1 . An apparatus for controlling the composition of gases within a container, 

5 said container including a plurality of walls, and at least one inlet and/or out- 
let, 

the apparatus including at least one sensor, at least one controller and at 
least one gas permeable membrane being adapted to facilitate the passage 
1 0 there through of different molecules at different rates, 

said membrane defining a first region and a second region, the first region 
being for holding cargo and the second region defining a gas buffer region, 
said at least one inlet and/or outlet being in communication with said buffer 
15 region. 

2. An apparatus according to claim 1, wherein at least one of said at least 
one inlet and/or outlet includes a valve. 

20 3. An apparatus according to claims 1 or 2, which includes at least two inlets 
and/or two outlets. 

4. An apparatus according to claims 1 , 2 or 3, wherein said membrane being 
selectively permeable. 

25 

5. An apparatus according to any of the preceding claims, wherein a valve is 
adapted to open when activated by the controller to provide a passage 
through which gases flow into and/or out of the container. 
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6. An apparatus according to any of the preceding claims, wherein the con- 
troller is adapted to open a valve when the concentration or volume of gas 
within the container reaches or falls to a specified level. 

5 7. An apparatus according to any of the preceding claims, wherein the con- 
tainer is a building. 

8. An apparatus according to claim 7 wherein the building is a cool store. 

10 9. An apparatus according to any of the claims 1-8, wherein the apparatus is 
adapted to provide a apparatus for a transportation or shipping container, 
said container being substantially rectangular in shape and include two side 
wails, a roof, floor, rear wall and a front wall where the rear wall also doubles 
as a door or entrance into the interior of the container. 

15 

10. An apparatus according to any of the preceding claims, wherein the inlet 
may be joined with an outlet to provide a bidirectional flow means. 

11. An apparatus according to any of the preceding claims, wherein the con- 
20 tainer incorporating one bi-directional flow means located at the rear of the 

container and one bi-directional flow means located at the front of the con- 
tainer, and each of said bi-directional flow means including one valve. 

12. An apparatus according to any of the preceding claims, wherein said se- 
25 lectively permeable membrane being formed from a polymeric film, such as 

plastic, which is adapted for gas permeation. 

13. An apparatus according to claim 12, wherein said polymeric film being 
more permeable to carbon dioxide than to oxygen gas. 



WO 2004/107868 



PCT/DK2004/000404 



25 

14. An apparatus according to claims 12 or 13, wherein said polymeric film 
being positioned to affix to the base and roof of the container, as well as the 
two sidewalls of the container and thereby dividing the container into two re- 
gions, the first region being adapted as a storage compartment and being lo- 

5 cated near the front of the container, and the second being adapted as a gas 
buffer region being located at the rear of near the door end of the container. 

15. An apparatus according to any of the claims 12, 13 or 14, wherein said 
polymeric film being located substantially near the rear of the container. 

10 

16. An apparatus according to any of the claims 11 - 15, wherein said poly- 
meric film being located to provide a void or buffering region around at least 
one bi-directional flow means which is adapted to control the flow of gas into 
the buffer region and the flow of gases out of the buffer region both into the 

1 5 storage compartment and completely out of the container. 

17. An apparatus according to any of the preceding claims, wherein said gas 
permeable film being adapted to facilitate the flow of carbon dioxide from the 
cargo compartment of the container to the gas buffer region of the container. 

20 

18. An apparatus according to any of the preceding claims, wherein said gas 
permeable film being adapted to facilitate the flow of oxygen from the gas 
buffer region of the container to the storage compartment of the container. 

25 19. An apparatus according to any of the preceding claims, wherein said gas 
permeable film being adapted to allow oxygen to flow through it, provided 
that the direction of such flow is opposite to that of the carbon dioxide. 

20. An apparatus according to any of the preceding claims, wherein a sensor 
30 located within the container being adapted to sense the concentration and/or 
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volumes of carbon dioxide and/or oxygen within the cargo storage compart- 
ment of a container. 

21. An apparatus according to any of the preceding claims, comprising bi- 
5 directional flow means located near the rear end of the container, said bi- 
directional flow means being able to open to allow gas to flow into the buffer 
region. 

22. An apparatus according to any of the preceding claims, comprising .bi- ... 
10 directional flow means located near the rear end of the container, said bi- 
directional flow means being able to open an inlet so that gas may flow into 
the cargo region of the container. 

23. An apparatus according to any of the preceding claims, comprising bi- 
15 directional flow means located near the front end of the container, said bi- 
directional flow means being able to open to allow gas to flow into the buffer 
region. 

24. A apparatus according to any of the preceding claims, comprising bi- 
20 directional flow means located near the front end of the container, said bi- 
directional flow means being able to open an inlet so that gas may flow into 
the cargo region of the container. 

25. A container having a plurality of walls, and at least one inlet and/or outlet, 
25 including an apparatus for controlling the composition of gases within the 

container, 

the apparatus including at least one sensor, at least one controller and at 
least one gas permeable membrane being adapted to facilitate the passage 
30 there through of different molecules at different rates, 
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said membrane defining a first region and a second region, the first region 
being for holding cargo and the second region defining a gas buffer region, 

said at least one inlet and/or outlet being in communication with said buffer 
5 region. 

26. A container according to claim 25, wherein said membrane defines a gas 
buffer region located inside said container. 

10 27 A container according to claims 25 or 26, wherein said membrane defines 
a gas buffer region located on the exterior of said container. 
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